Introduction 31
Emerging infectious diseases are a severe threat to global biodiversity, causing population 32 declines, and species extinctions, across a range of taxa [1] . Amphibian populations world-wide 33 are faced with emerging diseases among them chytrid fungus Batrachochytrium dendrobatidis 34 (Bd) which has been shown to infect more than 700 amphibian species and is implicated in the 35 extinction of more than 100 species [2, 3] . Bd consists of numerous strains and lineages, some of 36 which are highly pathogenic while others are more benign [4, 5] . The infectious lineage Bd-GPL 37 has evolved within the last century in south-east Asia and has since spread over the world infecting 38 naïve amphibian species and populations [6] . Bd-GPL infections may cause mass mortality, while 39 in other cases populations and species appear resistant to the disease [7] . Studies on the variation 40 in the pathogenicity of the fungus and whether host populations vary in resistance are therefore 41 vital, as is pin-pointing the immunological and genetic basis for such differences. Any amphibian 42 species ability to resist the fungus will vary depending on a range of factors ultimately linked to 43 immunogenetic variation and differences in pathogenicity among different lineages and strains of 44 Bd [8] . 45 In general, historical events such as postglacial colonization processes have had a profound impact 46 on the geographical distribution of genetic diversity. During the Last Glacial Maxium (LGM), 47 species inhabiting northern Europe were restricted to refugia in southern Europe ([9] , [10] . After 48 the LGM, species expanded northwards, a process which involved repeated founder events [10] . 49 Population size bottle-necks caused by such founder events lead to loss of genetic variation [11] . 50 Therefore populations residing at northern latitudes generally display less genetic diversity as 51 compared to populations residing in former refugia [12, 13, 14] . This is due to smaller effective 52 population sizes and more fragmented populations at the edge of the expansion [15, 16] .
53
MHC is a multigene family consisting of various number of genes coding for peptides involved in 54 the adaptive immune defense of vertebrates [17] . It codes for proteins that are part of the adaptive 55 immune system and is associated with disease and parasite resistance [18] suggested that heterozygous individuals are more resistant to pathogens as they have a larger 63 available repertoire to recognize pathogens [24] . However, immunogenetic variation may also be 64 shaped by drift which vary in force in and among species [25, 26, 27] .
65
In this study we focused on common toad (Bufo bufo) populations in Sweden, an area which was 66 completely glaciated during the LGM. The aims of the study were to quantify MHC Class II 67 variation along a latitudinal gradient, and to study whether Bd-mediated mortality depends on the 68 Bd-strain, the presence of MHC Class IIB haplotypes or the geographic origin of the experimental 69 animals. We experimentally infected newly metamorphosed common toads from the north and the 70 south of Sweden with two strains of Bd-GPL, originating from Sweden and the UK, respectively, 71 or treated toads with a sham control and recorded their survival over 30 days 72
Materials and Methods

73
MHC variation along the latitudinal gradient 74
For the analyses of geographical MHC-variation we collected tissue samples from 20 adult toads 75 at 12 locations spread over four different regions along a latitudinal gradient across Sweden (Table   76 1) in April-May 2015. The toads were caught in breeding aggregations and a small piece of rear 77 leg webbing was removed and immediately stored in 96 % ethanol. DNA was extracted from the 78 tissue by using a DNeasy Blood and Tissue kit (Qiagen) according to the manufacturer's protocol. 79 We amplified MHC Class II exon 2 loci (279 bp) by using the primers for Zeisset [ in 30 ml of reconstituted soft water (RSW) (60000 zoospores/ml) for 5 h). Metamorphs in the 131 control group were exposed to an equivalent volume of sterile media and RSW for the same time Haplotype number varied between regions and populations ( Fig.1) and decreased towards the 157 north. We found significant differences in number of alleles among populations along the 158 latitudinal gradient (F3,8.010=10.77, p=0.003; Fig. S1 ). The observed number of different haplotypes 159 in each region was (from south to north): Skåne 9, Uppland 5, Västerbotten 5 and Norrbotten 4. 160 We found one haplotype unique to Västerbotten (Bubu_DAB*10 found in one individual). In reactions infection could not be confirmed or denied in 14.9% of the individuals. One of the 166 exposed individuals (with strain UK) proved to be negative to infection. Low levels of infection 167 could be found in 19.2 % of control animals (Table. S1). All animals in the control treatment 168 survived the 30-day experimental period. Of the 102 experimentally infected animals 54 died, 45 169 from the northern region and nine from the south. Of the six models tested, model 3 including 170 "region" as a main effect and the interactions among "Bd-strain" and "MHC haplotype" and "Bd 171 strain" and "region" had the highest AIC followed by a similar model excluding the "Bd 172 strain/region" interaction ( Table. 2). 173 We discovered a total of seven unique haplotypes: (Bubu_DAB*1, Bubu_DAB*2, Bubu_DAB*4, 174 Bubu_DAB*6, Bubu_DAB*7, Bubu_DAB*9 and Bubu_DAB*11) in the experimental animals.
175
All seven were found in the southern region, whereas in the northern region all individuals were 176 monomorphic for Bubu_DAB*1.
177
Of the six models tested, model 2 was chosen having the lowest AIC (Table. 2). The model 178 includes "Region", "Bd-strain", and "MHC-haplotype" as a main effects and the interactions 179 among "Bd-strain" and "MHC haplotype" as well as "Bd strain" and "Region" (Table. 2). The 180 result from the model are presented in table 3.
181
Of the interactions in the best model, a significant interaction among "Bd-strain" and "region" 182 indicate that increased survival in the south depends on which Bd-strain the toads were infected 183 with (p=0.020; F=4.02; Fig. 2 ). Furthermore, the haplotype Bubu_DAB*2 appears to provide 184 protection against the Swedish Bd strain but this haplotype was detrimental when toads were UK. We also found lower MHC diversity at higher latitudes in Sweden.
198
Regional variation in MHC diversity may be shaped by both genetic drift and selection, and as populations tend to be larger and more connected. This has consequences for population's 207 ability to combat disease and pathogens since immunogenetic diversity is predicted to be 208 relatively less shaped by selection at northern latitudes [42] . 209 In the experimental animals, we observed higher mortality in northern individuals. Whether this 210 result depends on the observed lack of MHC variation or some other factor which differs among 211 the northern and southern regions is impossible to discern with this study. Interestingly, we found 212 a difference between the regions in response to the two different Bd-strains. Bd had a negative 213 impact on survival regardless of strain but when infected with the UK strain, the southern 214 individuals had almost complete survival whereas the northern ones suffered high mortality. When 215 infected with the Swedish strain, both southern and northern individuals had high mortality albeit 216 the rate was higher in the north. Unfortunately, due to lack of MHC variation in the northern 217 animals it is impossible to discern whether this was due to differences in MHC variation or some 218 other factor.
219
However, we were able to pick up some MHC-related differences in survival as presence of the 220 haplotype Bubu_DAB*9 seemed to have a negative impact on survival when infected with the 221 UK-strain, but the effect was limited when infected with the Swedish strain. Similarly, the 222 haplotype Bubu_DAB*2 had a negative impact on survival when infected with the UK-strain but 223 was marginally beneficial when infected by the Swedish. This difference among strains is 224 somewhat surprising as both strains used in the experiment belong to Bd-GPL lineage which has 225 emerged within the last century and is the cause of the extinction of more than 100 amphibian 
228
To our knowledge, this is the first report of differences in host mortality among Bd-GPL strains.
229
Previous studies have shown MHC Class IIB-haplotype related differences in survival in 230 Lithobates yavapaiensis [19, 20] . In Litoria verrauxii, experimental studies showed that certain 231 MHC Class IIB amino acid sequences conferred a survival advantage and the differences were quite different infection strategies, not surprisingly considering the deep divergence among these 254 two chytrids [51] . As indicated by this study, also recently diverged Bd-strains may vary in 255 susceptibility although this is unlikely to be dependent on vastly different infection strategies. 256 Nevertheless, the constant coevolutionary arms-race among hosts and pathogens is likely to lead 257 to a range of susceptibilities and pathogenicity within and among species [52, 53] . Tables  389   390   Table 1 . Spatial coordinates of the sampling sites. Tissue from adults from all populations were used in the 391
latitudinal study. For the experiment we used toadlets collected as eggs from LU1 and LU2 (Norrbotten) 392
and PM1 and PH (Skåne) . For a map, see Fig. 1 . 393 haplotype provided protection against the Swedish Bd-strain, but was detrimental for individuals infected 442
with the UK Bd-strain. The predicted values assume using a background of carrying the Bubu_DAB*6 and 443 Bubu_DAB*7 haplotype as this was the case for all three individuals carrying the Bubu_DAB*2 haplotype. 444
None of the three individuals with Bubu_DAB*2 were present in the control treatment, which is thereby 445 excluded. b) Bubu_DAB*9 haplotype has a detrimental effect on survival for Bd-infected individuals, 446 especially for the UK-strain. All predicted values assume the region south as this was the case for all 447 individuals carrying these MHC-alleles. 
